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A  STUDY  OF   TEE   VAPOE  PZESSURE  OF  AQUEOUS 

soLUTioiis  0?  Li/amiT'i:  '^^  -.X- 

IMPROVED  STATIC 
METHOD. 

The  value  of  studying  such  a  property  of  solutions  as 
vapor  pressure  lies  in  tlie  fact  that  it  is  a  property  v;hioh 
depends  upon  the  nuniher  of  parts  of  the  dissolved  suhstanco. 
In  such  a  respect  it  is  entirely  analogous  to  the  "boiling 
and  freezing  point  of  a  solution  and  to  its  conductivity 
and  osmotic  pressure.  The  value  of  these  properties  in  the 
determination  of  the  molecular  weight,  and,  in  the  case  of 
electrolytes,  of  the  dissociation,  is  too  well-laaown  to  need 
amplification.  That  their  value,  however,  is  dependent  on 
the  accuracy  with  v/hich  they  can  he  determined  is  also  self- 
evident.  The  boiling-point  method  is  really  a  dynamic  meth- 
od of  measuring  vapor  pressure.  The  objection  to  both  the 
boiling-point  s,nd  freezing-point  methods  is  that  they  are 
subject  to  appreciable  correction  factors  for  the  constant 
errors.  The  enormous  difficulty  in  measuring  osmotic  pres- 
sure makes  it  incapable  of  general  application,  v;hile  the 
conductivity  method  is  least  accurate  in  the  region  of  high 
concentrations,  where  the  constant  errors  in  measuring 
vapor  pressure  are  least. 

In  the  past, the  practical  difficulties  have  prevented 
the  accurate  measurement  of  vapor  pressure,  because  the 
lower ings  produced  by  medium  concentrations  at  ordinary 
temperatures  are  extremely  small  values  (fractions  of  a 
millimeter) ,  and  are  greatly  affected  by  extraneous  influenceSi 


In  the  method  evolved  In  tjiis  laboratory  "by  Prazer  and 

,  i 
Lovelace  ,  not  only  ha?  the  accuracy  of  measurement  been 

greatly  refined, (o.ool  nim, ) ,  but  the  disturbing  influences 

formerly  regarded  as  irremovable,  have  been  completely 

eliminated.  The  results  published  in  this  dissertation 

for  aqueous  solutions  of  mannite  at  20  ,  are  regarded  as 

being  the  least  open  to  criticism  of  any  yet  published, 

and  are  believed  to  differ  by  not  more  than  O.OOI  mm.  from 

the  true  values.  Before  describing  these  results  however, 

and  the  method  by  which  they  were  obtained,  it  seems  advisable 

to  trace  the  evolution  of  methods  used  in  the  past  to  measure 

the  proprty  of  yp-^^-r   pressure* 

These  "wtA^Ko  A  s ...  are  of  two  types, static  and  dynamic. 

The  well-known  boiling-point  method  is  a  dynamic  method  in 

which  the  pressure  is  kept  constant  and  the  elevation  of  the 

boiling-point  noted.  In  all  the  static  methods  the  pressure 

is  allowed  to  vary  and  the  temperature  regulated.  Aside  from 

the  constant  sources  of  error  in  the  boiling-point  method, 

there  is  the  added  objection  that  the  exact  relation*  between 

changes  in  temperature  and  changes  in  pressure  is  xmknowTi,  A 

detailed  discussion  of  the  boiling-point  method  lies  outside 

the  scope  of  this  paper.  In  presenting  an  outline  of  the  other 

methods,  it  seems  best  to  group  the  results  obtained  by  their 

use  together,  rather  than  after  a  description  of  each  apparatus, 

I«  TEE  STATIC  METHOD,-    In  the  static  method  the  change 

in  the  vapor  pressure  of  the  solvent  due  to  the  dissolved 

substance  is  measured,  the  temperature  being  kept  constant. 

The  easiest  way  to  follow  the  evolution  of  this  method  is  to 

i 

J«  Am,  Chem,  Soc,  36,2439(1914); 
Z,  physik,  Chem,  89,  155  (I9I4). 
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keep  clearly  in  mind  the  constant  sources  of  error.  These  are: 

1,  The  presence  of  volatile  impurities,  especially- 
dissolved  gases  like  air,  which  themselves  exert  a  vapor 
pressure, 

2,  Inaccurate  "bath  regulation.  Since  vapor  pressure  is  a 
function  of  temperature,  this  error  is  obvious, 

3,  Lack  or  inadequacy  of  a  stirring  device,  resulting  in 
surface  concentration,  with  consequent  change  in  vapor 
pressure, 

4, The  error  due  to  the  personal  equation  of  the  operator 

reading  the  difference  in  level  of  the  mercury  heights. 

The  significance  of  these  errors  vrill  be  made  plain  by  a 

description  of  the  earliest  form  of  apparatus  used.  The  first 

investigator  to  employ  the  static  method  for  solutions  on  an 

i 
extended  scale  was  V/tlllner,  The  principle  of  his  apparatus  was 

exceedingly  simple.   The  solution  whose  vapor  pressure  was  to 

be  determined  was  placed  above  the  mercury  in  the  vacuum  of 

a  barometer  tube,  and  brought  to  the  desired  temperature  by 

immersion  in  a  regulated  bath.  The  column  of  mercury  is  de- 

-pressed,  and  by  comparinp:  its  height  v;ith  that  of  the  mer- 

-cury  in  a  barometer  tube  containing  the  pure  solvent,  the 

lowering  of  the  vapor  pressure  of  the  solvent  due  to  the 

dissolved  substance  can  be  determined  directly, 

Wflllner's  apparatus  consisted  of  six  tubes  connected 

below  by  canals,  and  joined  to  a  puxop  and  to  a  manometer.  He 

0 

succeeded  in  regulating  his  bath  to  an  accuracy  of  0,1   ijy 
means  of  a  stirrer  subjected  to  about"three  violent  jerks"  per 

i 


Pogg,  Ann.  103,  529  (1858);  105,85(1858);  IIO,  387(1860) 
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minute.  He  estimates  the  magnitude  of  the  constant  errors  as 

follovTB:  I.  To  inadequate  hath  regulation,  (especially  at  high 

temperatures]  2-to  4  mm. ;  to  errors  in  reading  the  mercury 

levels,iO.S5mn. ;  to  retained  air,  unknown,  hut  presumahly 

large.  (The  use  of  the  water  barometer  was  supposed  to 

eliminate  this  error;   hut  the  amount  of  retained  air  is 

known  to  depend  on  the  concentration  of  the  solution.)  i7flllner 

neglected  entirely  the  error  due  to  surface  concentration  •  His 

method  of  removing  air  was  to  establish  a  partial  vacuum  and 

allov;  the  air  released  to  escape  under  mercury. 

Tammann's  method  was  more  accurate.  The  solution  was 

placed  in  one  limb  of  a  U-tube  which  was  nearly  filled  with 

mercury.  The  air  was  removed  by  boiling  the  liquid,  and  this 

limb  was  closed  by  the  blow-pipe.  The  other  limb  was  connected 

with  a  manometer  and  an  air-pump,  and  the  U-tube  was  immersed 

in  a  bath  maintained  at  a  constant  temperature.  The  vapor 

pressure  of  the  solution  was  found  by  reading  the  mercury  level 

in  both  limbs  and  the  manometer,  after  the  pressure  had  been 

adjusted  to  a  convenient  amount.  The  vapor  pressure  of  water 

was  determined  by  simultaneous  obsfevations  made  with  a  U-tube 

properly  arranged  with  water  in  place  of  the  salt  solution. 

The  only  real  difference  between  this  method  and  that  of 

V/tillner  is  in  the  means  taken  for  removing  air^  the  solutions 

being  analysed  subsequent  to  measurement  rather  than  before. 

His  estimated  sources  of  error  are  somewhat  smaller,  hoi/nrer. 

He  attributes  o.I5mm.  to  dissolved  air,  -0.15  mm.  to  errors  of 

reading,  and  is.OO  mm.  to  variations  in  bath  temperature.   The 

percentage  error  is  seldom  more  than  4:%   and  usully  1%   or  less 

according  to  Tammann. 
I 
V/ied.  Ann.  24, 523,  (1885) 
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I 
Pauchon  used  the  method  of  Regnault  as  applied  "by 

Magzrns  to  solutions.   Inasmuch,  however,  as  the  apparatus  of 

Yv'tlllner,  already  described,  was  modeled  after  that  of 

Ilagnus,  a  description  of  this  is  unnecessary, 
2 
Emden   took  particular  pains  to  avoid  all  the  constant 

errors.  He  considered  the  direct  measurement  of  the  vapor 

pressure  of  each  salt  solution  to  he  necessary,  whereas 

Milliner,   Tammann  and  Pauchan  had  measured  this  indirectly 

"by  comparing  with  the  vapor  pressure  of  water,  Smden  used 

3 
an  apparatus  devised  by  Konowalow   ,for  which  he  claimed 

that  the  solution  could  he  obtained  air-free  in  the 

apparatus  without  altering  its  concentration,  A  detailed 

description  of  this  apparatus  would  lead  too  far.  In 

principle,  it  involves  the  use  of  a  high  vacuum  obtained  by  a 

mercury  pTimp,  for  the  purpose  of  removing  air,  ITevertheless, 

he  was  unable  to  remove  air  completely,  because  hov/ever 

high  his  vacuum,  on  standing  a  certain  amount  of  air 

would  rise  from  tjie  solution,  and  on  again  admitting  pres- 

-sure  this  v/ould  redissolve.  He  found  no  means  of  overcoming 

this  difficulty.  The  errors  due  to  reading  and  to  inaccurate 

bath  control  were  somewhat  lessened,  but  the  main  advance 

was  in  the  method  of  removing  air,  Emden' s  apparatus 

represents  the  best  development  s©  far  of  the  static  method, 

I 

Compt,  rend.  89,18,(1879) 
2^ied.  Ann.  31,145,(1887) 
3 

Wied.  Ann, 14, 34(1881) 
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I 
Moser   used  a  static  method  which  enabled  him  to 

measure  the  vapor  pressure  of  solutions  at  low  temper- 

-tures.  He  substituted  water  for  mercury  as  a  means  of 

measurement,  but  since  his  apparatus  added  no  new  feature 

with  this  exception,  it  is  not  necessary  to  describe  it 

in  detail, 

o 

Raoult  also  used  the  static  method.  He  claims  an 
accuracy  in  the  measurement  of  the  absolute  pressure  of 
ether  and  of  etheric  solutions  of  O.Imn.  His  method  of 
removing  dissolved  gases  is  analogous  to  that  of  Tammann. 
He  introduced  a  nev/  feature,  however,  in  stirring  the 
solution.  By  alternately  inclining  and  raising  tha 
apparatus,  he  could  simultaneously  stir  all  the  solutions, 
and  this  was  further  facilitated  by  the  presence  of  a  plat- 
-inxim  wire  at  the  upper  end  of  the  tube.  His  bath  regulation 

0 

was  accurate  to  O.I    , 

II.  TH3  DYNAI.IIG  LIETHOD,-   The  dynamic  method  superceded 
the  static  method  because  of  supposedly  greater  accuracy,  but 
the  results  obtained  by  its  use  have  scarcely  justified  the 
claims  mde  for  it.  In  the  dynamic  method  the  vapor  of  a 
liquid  Is  carried  away  by  a  current  of  air.  Two  types  ezist. 

(A)  The  indirect  dynamic  method.  This  is  based  upon  the 
principle  that  when  air  or  some  other  inactive  gas  is 
saturated  with  the  vapor  of  a  liquid  or  solution,  the 


I 

Wied.  Ann.  14,  7E,(t88I) 
2 

Compt.  rend.   103,  1125(1886) 

104,  976.  1430(1887) 


(  7  ) 
following  relation  holds: 

total  volume  total  pressure 


volume  of  aqueous  vapor    prtit^dure  of  aqueous  vapor 

I 
Regnault  was  the  first  to  apply  this  principle,  and 

his  results  agreed  with  those  ohtained  by  the  static  method, 

2 
In  1888,  Tammann  applied  the  same  method.  His  values 

hovrever,  were  in  every  case  too  low  because  of  changes  in 

surface  concentration  resulting  from  evaporation.  Tammann 

thought  to  avoid  this  source  of  error  by  bubbling  air  through 

the  solution,  but  this  change  introduced  additional  errors 

due  to  fluctuation  in  air  pressure,  and  to  the  spattering 

of  the  solution  by  bubbles  of  air.  Fluctuations  in  air 

pressure  was  another  source  of  error,  resulting  in  incomplete 

saturation  of  the  air;  and  the  drops  of  solution  spattered 

on  the  walls  of  the  vessel  became  concentrated  by  evaporation, 

so  that  the  vapor  pressure  was  reduced. 

I  n  the  above  method  five  points  are  to  be  considered: 

I,  Exact  measure  of  the  vol^e  of  air, 

£•  Exact  measure  of  the  weight  of  water  contained  in 

that  voluine  of  air, 

3,  Exact  measure  of  the  barometric  pressure, 

4,  Complete  saturation  of  the  air, 

5, Exact  measure  of  the  temperature  at  which  the  air  is 

saturated. 
The  chief  sources  of  error  are  (I)  inaccuracy  in 
measuring\the  air,  and  (  8  )   inadequate  bath  regulation. 


IT' 

Pogg.  Ann.  53,  537  (1854) 

2 
V/ied,  Ann,  35,  322(t888) 
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0 

It  may  "be  shov-n  that  a  variation  of  O.OI   in  the  "bath 

o 
containing  the  solution,  and  of  0,1  in  the  aspirator 

containing  the  air,  gives  rise  to  an  error  of  about 

Tfo   for  a  half-normal  solution, 

I,(  2 

Eahlenherg  (aiid  also  Berkeley   )   devised  an 

improved  saturator,  v.'hich  could  be  rocked  back  and  forth 

so  that  a  large  and  constantly  fresh  surface  of  liquid 

was  exposed  to  the  air.  To  insure  complete  saturation, 

the  air  was  first  supersaturated,  and  allowed  to  deposit 

Its  excess  moisture  before  antering  the  saturator, 

3 
Lincoln  and  Klein   used  the  same  method  as  did 

Kahlenberg, 

4 

Orndorff  and  Correll  aimed  to  simr)lify  the  dynamic 

method  by  dispensing  with  the  thermostat.  They  did  not 

get  satisfactory  results, 

5 
Carveth  and  J'owler  used  U-tubes  for  saturators,  and  an 

air  bath  instead  of  a  water  thermostat, 
6 
7/ashbum  has  recently  undertaken  to  improve  the 

dynamic  method.  Large  saturators  kept  in  constant  motion 

are  used  to  give  complete  saturation.  His  absorbers  are  of 

a  special  type, Resigned  for  readiness  in  weighing  \7lth 

IScience,  22,74(1905) 

fc. Berkeley  and  Eartl^"  ^toq,   Roy.  Soc,  A-77,I56  (1906) 

3.  Jour,Phys.Chem.Yp'li;-m.e.  •• II.  318(1907) 

4.  Jo 


4.  Jour.  PKt(S,CKem.  Vol.   i-  h  753  [l897j 
5«      ••         •■'^  "         "     8,^-3/3  hson 

6,    Jour,  Am,   Chem,    Soc.   37,       \^a 


(I9I5) 
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great  accuracy.  His  method  is  to  pass  first  through  water, 
then  through  an  absorber;  then  through  the  solution  and  an- 
other absorber;  and  finally  through  water  again  and  throufeh 
a  third  absorber.  The  theoretical  accuracy  of  the  method  is 
about  0,25/^:  thus  far  the  actual  accuracy  is  1-2.%, 

(B)  The  Differential  Dynamic  Method:-  This  method  was 

1 
first  devised  by  Ostv/ald  and  consisted  simply  in  passing 

dry  air  through  a  solution,  then  through  water,  then  through 
sulphuric  acid.  The  loss  of  weight  in  the  solution  is  pro- 
portional to  its  vapor  pressure.  The  loss  in  weight  of  the 
water  is  proportional  to  the  difference  between  the  vapor 
pressure  of  the  solvent  and  that  of  the  solution. The  gain 
in  weight  of  the  sulphuric  acid  should  equal  the  sum  of 
these  losses  and  thus  act  as  a  check  on  the  work.  The  rela- 
tive lowering  is  thus  found  directly,  since 

loss  of  weight  in  water  p-p' 


total  loss  of  weight  of  v/ater  +  solution        p 

In  this  method  the  volume  of  air  aspirated  does  not 

have  to  be  known.  To  this  extent  the  method  of  Ostwald  is 

better  than  any  preceding,  but  the  other  sources^  of  error 

are  still  operative, 

2 
Will  and  Bredig  undertook  to  improve  the  method  and 

to  apply  it  to  solutions  in  ether  and  alcohol.  Instead  of  the 

three-bulb  Liebig  apparatus,  they  used  flasks  containing 

nine  bulbs,  thus  increasing  the  opporttmity  for  the  air  to 


1)  Phys.  Chem.  Meas.  p  188,  (VTalker's  trans.) 
£)  B.  22,  1084,  (1889). 
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■become  saturated. 

1 
Berkeley  and  Hartley  introduced  the  entirely  nev;  feature 

of  agitating  the  saturator  during  the  experiment. 

RESULTS   OBTAINSL  BY   THE     USE  OP   THE   STATIC   IffiTHOD. 

3  2 

Regnault  and  l.Iagnus   ,  the  first  to  use  the  static  meth- 
od ,  worked  principally  with  pure  solvents,  especially  water, 

and  arrived  at  no  fundamental  relation  concerning  solutions. 
4 
Von  Babo  was  the  first  to  discover  any  relation  between 

the  vapor  pressure  of  wfeter  and  that  of  salt  solutions.  His 
experiments  with  calcium  chloride  and  other  salt;;  led  him  to 
believe  that  the  vapor  pressure  of  a  salt  solution  was  at  all 
temperatures  proportional  to  that  of  pure  water.  He  stated 
this  in  the  form  of  an  equation, 

p  ^  c  P 
where  p  is  the  vapor  pressure  of  the  salt  solution,  P  that  of 
pure  water  ,  and  c  is  a  constant.  This  law  of  von  Babo  consti- 
tuted the  bone  of  contention  among  subsequent  workers  for 
many  years. 

Wftllner  was  unable  to  confirm  von  BaboSs  law.  In  fact, 
he  pointed  out  that  certain  of  the  lattery's  own  measurements 
were  themselves  not  in  accord  with  his  generalization,  and 
that  his  method  le4  to  appreciable  errors.  The  principal 
contribution  of  IVflllner, however,  was  his  enunciation  of  a 
general  relation  quite  as  important  and  fundamental  as  that 

66 

1,2,3,4,  Loc.  cit. 
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of  von  Babo  concerning  the  effect  of  temperattire.   This  was 
to  define  the  effect  of  different  concentrations  on  the  vapor 
pressure.  Wflllner  announced  that  "  The  lowering  of  the  vapor 
pressure  of  water  duetto  a  dissolved  substance,  was  always 
proportional  to  the  concentration  of  the  substance  in  solution. 

The  correctness  of  this  generalization  was  disputed  by- 
later  workers.  The  problem  was  conrplicated  by  two  factors: 
l.The  use  of  absolute  instead  of  equivalent  weights, 
2, Failure  to  recognise  the  phenomena  of  dissociation. 
At  this  time  the  theory  of  electrolytic  dissociation  was  of 
course  unknown.   In  fact  it  is  difficult  to  see  how  V/-flllner 
could  arrive  at  such  a  generalization  except  by  the  use  of 
salts  with  nearly  equal  molecular  weights,  and  similar 
dissociation  constants.  As  a  matter  of  fact  ,V,ftLlner  labored 
under  exactly  this  difficulty  in  finding  deviations  in  both 
directions  from  von  Babo's  law,  but  it  does  not  seem  to  have 
affected  his  own. 

Pauchon,  however,  found  the  same  difficulty  with  the 
law  of  V/illlner  that  the  latter  had  found  with  the  law  of 
von  Babo.  He  found  that  the  change  in  the  lowering  produced 
by  changes  in  concentration  followed  a  mor^o  complex  law, 
where  Gons-':ants  for  the  concentration  were  introduced  as 
correction  factors.  This  is  exactly  what  we  should  expect 
for  aqueous  solutions  of  electrolytes. 

Tamraann  foreshadowed  the  results  of  Haoult  by  discover- 
ing that  chemically  similar  salts  produce  nearly  the  same 
molecular  diminution  of  vapor  pressure.  It  is  to  be  noted 
that  his  statement  reads  "chemically  similar",  which  in  this 
case  means  ionization  constants  of  nearly  the  same  value.  A 
perusal  of  his  table  brings  out  the  fact  that  the  best  con- 
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-stants  were  obtained  for  the  alkali  salts  of  strong  mineral 

acids.  His  use  of  equivalent  weights  eliminated  the  second 

difficulty.   He,  also,  was  xmahle  to  confirm  von  Baho's  law. 

As  a  general  criticism  of  the  results  of  V/flllner,  Tam- 

-mann  and  Pauchon,  and  incidentally  of  their  method  of  work 
1  • 

Emden    pointed  out  that  while  none  of  these  workers  had 

confirmed  the  law  of  von  Babo,  they  were  equally  unanimous 

in  disagreeing  among  themselves,  VHiile,  for  instance,  V.'flll- 

-ner  and  Tammann  found  deviations  from  the  law  in  both  direct 

-ions,  for  the  same  salt  they  v/ould  frequently  disagree  as  to 

the  direction  of  the  deviation.  And  v/here  these  workers  had 

agreed  in  finding  deviations  in  both  directions,  Pauchon 

had  found  then  in  only  one  diT3ction* 

Smden  was  consequently  led  to  repeat  their  experiments 
with  an  improved  method  •   As  a  result  of  his  work,  he 
found  that  von  Babo's  lav/  held  between  the  temperatures 
20®  and  95°,   It  v;ill  be  impossible  to  give  his  method  of 
calculating  his  results,  owing  to  lack  of  space.  He  used  an 
interpolation  formula  suggested  by  Llagnus,  applicable  both 
to  water  and  to  the  solution,  Emden  failed  to  confirm  the 
law  of  Wflllner, 

Moser,  as  already  stated,  devised  a  method  applicable 
at  lov/  temperatures.  He  confirmed  the  results  of  V/tlllner 
but  added  nothing  ner/, 

Raoult  reached  the  most  important  generalizations  con- 
~aerning  vapor  pressure.  His  name  is  especially  associated 


1,  Log,  cit. 
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with  the  law  which  states  that  equivalent  weights  of  dif- 
-ferent  substances  produce  an  equal  lowering  of  the  vapor 
pressure,  when  dissolved  in  the  same  amount  of  solvent. I. S, 
the  lowerings  of  vapor  pressure  of  different  solvents  are 
equal  when  the  ratio  of  the  nujnber  of  molecules  of  the 
dissolved  substance  to  the  number  of  molecules  of  the  sol- 
-vent  is  the  same.   It  should  be  remembered  ,hov;ever,  that 
the  equations  of  Haoult  hold  only  for  dilute  aquBous  solu- 
-tions  of  non-electrolytes,  and  for  organic  solvents.  In 
fact,  it  was  by  avoiding  aqueous  solutions  entirely  that 
he  arrived  at  his  generalization.  Haoult  worked  entirely 
with  organic  solvents,  and  by  so  doing  was  able  to  confirm 
both  VTullner's  lav/,  and  that  of  von  Babo  concerning  the 
effect  of  temperature,  and  also  to  reach  the  important 
generalization  already  stated.   It  is  especially  interest- 
-ing  to  note  that  these  important  resiilts  were  obtained  by 
the  use  of  a  static  method. 

RSSULTS  OBTAINSD  BY  THE  DYITALIIC  METHOD. 

In  actual  results  the  dynamic  method  has  proved  less 
fruitful  than  the  static  method, by  T;hich  the  classical 
researches  of  Raoult  were  accomplished. 

The  first  results  thus  obtained  were  those  of  Regnault. 
They  agreed  with  those  obtained  earlier  by  the  use  of  the 
static  method. 

Tammann' s  results  were  too  low,  due  to  the  errors 
already  mentioned.  These  results  were  probably  less  accurate 
than  the  t'.eoretical  deviation  calls  for  f  7"  for  a  0.5  N, 
solution. ) 
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Ostwald  and  v:alker,  by  the  indirect  dynamic  method, 
o-btained  miich  hetter  results  than  did  Hegnault  and  Tammann. 

V/ill  and  Bredig  worked  with  organic  solvents  and 
a-nproximated  an  accuracy  of  about  8  % 

Berkeley  and  Hartley  obtained  results  which  wbts  un- 
-doubtedly  too  Tow.   They  used  the  method  for  determining 
the  osmotic  pressure  of  aqueous  solutions  of  CagFefGn)^, 
and  of  cane  sugar.  Their  accuracy  does  not  exceed  5%, 

Kahlenberg  has  published  but  little  data;  but  that 
which  has  been  published  shows  large  variations  in  measure- 
-ments  on  individual  concentrations.  The  conclusions  arrived 
at  in  several  instances  are  very  interesting.  Krauskopf .who 
worked  with  Kahlenberg,  found  that  for  KCl  and  llaCl  the 
molecular  weight  increases  with  dilution.  This  is  just  the 
opposite  of  what  one  would  expect  from  the  theory  of 
electrol  ytic  dissociation.  For  cane  sugar.  Krauskopf  found 
that  the  molecular  weight  decreases  with  dilution. 

Lincoln  and  Klein,  using  the  same  method  ,  found  that 
for  KITO3  ,  the  molecular  weights  are  in  accord  with  the 
electrolytic  theory.  UaNO^  and  liWOs  .however,  are  at 
variance  with  this  theory,  since  the  molecular  weight  of 
lithium  nitrate  is  less  than  that  calculated  on  the  basis 
of  complete  dissociation.  They  conclude  that  the  lowering 
of  vapor  pressure  is  not  solely  a  function  of  the  number 
of  parts  of  the  dissolved  substance  in  solution,  but  that  th 
the  individuality  of  the  particular  salt  manifests  itself, 
and  must  be  taken  into  consideration. 

The  results  of  Carveth  and  Powler  were  of  such  a 
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character  as  to  lead  them  to  doiiht  the  accuracy  of  any 
results  o'btained  by  the  air-bubbling  method, 

Pertaun  obtained  very  accurate  results,  but  deviations 

of  ffom  5  to  15€  sometimes  occur.  His  second  paper  deals  -^ 

1 

with  a  hydrate  theory  advanced  by  Callender,  who  maintains 

that  there  may  exist  in  solution  a  few  definite  chemical 
hydrates.  This  is  apparently  the  same  as  l.Iendelejeff '  s 
hydrate  theory,  Perrr.an  interprets  his  results  in  a  way  which 
disproves  this,  and  confirms  the  hydrate  theory  as  advanced 
by  Jones*. 

Washburnfe  results  have  already  been  mentioned  as 
showing  an  actual  accuracy  of  l-2;o  and  a  theoretical  accur- 
-acy  of  0,25)!^, 
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THE  I/IETHOD  OP  PH^ZEH  AHD  LOVELACE.  ^ 


As  already  stated,  there  are  four  difficulties  involved 

in  the  use  of  the  static  method.   These  are: 

1.   The  measurement  of  small  differences  in  vapor 

pressure, 

2*   The  necessity  for  the  complete  removal  of  air, 
3%        The  necessity  for  accurate  bath  regulation, 
4,   The  necessity  of  stirring  the  solution. 

The  solution  of  all  these  points  means  the  perfection  of 

the  static  method. 

Since  the  whole  apparatus  is  built  around  the  Rayleigh 

p 

manometer,  used  to  overcome  the  .     difficulty  of  actual 

measurement,  this  v/ill  be  described  first.  This  instrument, 
designed  by  Lord  Rayleigh,  was  used  by  him  to  measure  small 
differences  in  gas  pressure.   In  the  apparatus  of  Prazer  and 
Lovelace,  it  is  used  to  measure  the  difference  betv/een  the 
vapor  pressure  of  the  solution  and  that  of  the  pure  solvent. 
The  principle  of  the  manometer  is  best  understood  by 

fsee  Fig  -S'aA 

a  description  of  its  parts,  R  R  are  glass  bulbs,  about  39mm. 
in  diameter,  blo\'vn  on  a  glass  fork.   The  lower  end  of  this 
fork  is  connected  by  means  of  a  rubber  tube  with  a  raercuiy 
reservoir  which  may  be  adjusted  very  accurately  to  any 

1.  Loc.  Cit, 

2,  Z,  physik.  Chem.  37,  713,  (1901) 
Trans.  Royal  Soc.  196.  205,  (1901) 
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desired  height  hj   means  of  the  screw  I.  Extending  to  the 
centre  of  each  bulb  is  a  glass  rod(    ) ,  ground  at  the  end 
to  a  very  fine  point,  for  accuracy  in  adjusting.   The  side- 
-limhs  P,P'  commujiicate  with  the  systems,  the  relative  vapor 
pressures  in  which  are  to  "be  measured,   Thechulbs  are  set 
in  plaster  in  an  iron  pot,  M  ,  which  is  mounted  on  a  hori- 
-zontal  axis,  D  ,  at  right  angles  to  the  vertical  plane 
passing  through  the  points.   The  bulbs  can  be  rotated  on 
the  axis  D  by  means  of  tjii  screw  0, 

To  measure  small  differences  in  pressure  we  ptoceed  as 
follows*  First,  the  same  pressure  is  maintained  in  both 
bulbs,  either  by  evacuating  them  to  the  limit  of  the  pump, 
or,  after  complete  removal  of  air(  in  a  manner  to  be  described 
later)  ,  subjecting  them  to  the  same  pressure  of  aqueous 
vapor.   Either  the  solvent  or  the  solution  may  be  used  for 
this  purpose.   By  rotating  the  bulbs  and  raising  the  mercury 
level,  the  glass  points  may  be  brought  into  exact  coincidence 
with  their  images  in  the  mercury.   This  is  facilitated  by 
the  use  of  microscopes  magnifying  about  six  diameters.  This 
position  of  the  ooints  is  called  the  "  zero  "  position. 

Uow  decrease  the  pressure  in  one  limb  of  the  manometer 
by  introducing  into  that  limb  the  vapor  of    ti-t  solution. 
The  mercury  in  the  bulb  connected  with  this  limb  will  of 
course  rise,  and  the  degree  of  rotation  necessary  to  restore 
coincidence  of  the  points  v;ill  be  a  measure  of  the  lowering 
of  vapor  pressure.  Also  the  distance  between  the  points  is 
a  factor.  Obviously,  we  could  measure  this  rotation  by 
knowing  the  pitch  of  the  screw,  and  the  angle  through  which 
it  turns,   A  more  accurate  method  is  by  means  of  a  cath- 
-etometer,  the  principle  of  which  is  well-known,  a  mirror 
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is  placed  at  A  in  a  plane  parallel  to  the  axis  of  rotation.  By 
means  of  a  telescope  placed  about  three  meters  away,  any  change 
in  the  position  of  this  mirror  produces  a  correspondingly  large 
change  in  the  reading  on  a  scale  placed  hesid  e  the  telescope, 
the  magnitude  of  the  ch  nge  "being  proportional  to  the  distance 
of  the  mirror  from  the  scale. 

To  determine  the  change  in  actual  vapor  pressure  from  the 
scale  deflection,  we  must,  then,  laiow 

1)  the  disitance  "between  the  points,   d, 

E)  the  distance  from  mirror  to  scale,  D. 

3)  the  scale  deflection,  s. 

Then  if  h  is  the  difference  in  pressure  in  the  two  limbs  of  the 

manometer  corresponding  to  an  angle  of  rotation  0,  we  have:- 

h  z   dsin  G       and      s  =  D  tan  Q 

and,  ^  _   ds   sin  G 

2D  1/2  tail  26 

sin  Q 

How,  for  all  values  of  6  up  to  lo ,  be  re- 

1/2  tar 2©  may 
garded  as  unity,  and  our  formula  becomes, 

hS  ds/2D 

Since  for  the  particular  instrument  used  the  value  1°  for 

G  corresponds  approicimately  to  the   depression  ox  a  throe-molar 

solution  of  a  non-electrolyte,  and  since  the  concentrations 

measured  never  exceed  this  value,  it  follows  that  we  may  use 

the  simpler  formula,   ihe  other  values  for  the  instrument  are 

d  =  38.88  and      D  =3234.6 

2  /  SS34.6  /  1 
Hence,  s  =  »     .3 

38.88 
This  value,  171.53,  represents  the  deflection  of  the  scale 
corros  >onding  to  1  nm.  actual  depression  in  vapor  pressure. 
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Thereforo,  1  ram,  on  the  scale  =  .00583nmi.  difforenoe  in 
pressure, in  the  tv.'o  'burDS.  By  observing'  the  points  through 
microscopes  of  E5  mm,  focus,  mounted  on  the  instrument  and 
rotating  with  it,  the  operator  can  set  the  points  to  an  accur- 
acy of  0,1  mm,  on  the  scale,  uhich  corresponds  tc  a  difference 
in  pressure  of  0.C0058S  mm.   This  represents  the  theoretical 
limit  of  accuracy  of  the  method,  and  is  approximately  tliat 
claimed  hj   Rayleigh  for  his  manometer,  of  which  the  one  used 
in  this  work  is  practically  a  reproduction.  An  instrument  of 
this  rind  represents  an  enormous  advance  over  all  previous 
methods  used  in  the  static  method  for  measuring  the  difference 
in  the  height  of  the  mercury  levels,   i'or  example,  the  greatest 
accuracy  in  reading  claimed  by  any  previous  investigator  in 
measuring  vapor  pressure  "by  the  static  method  was-JLlSmm, ;  so 
that  this  instrument  would  then  he  250  times  more  accurate 
than  the  older  methods, 

'Hhe   second  great  difficulty  in  the  static  method  is  the 
complete  removal  of  air  from  ooth  solution  and  solvent,  This 
is  brought  about  by  means  of  a  series  of  mercury  traps  which 
act  as  stop-cocks  (see  figure  II  ),   Tliese  traps  open  or  close 
the  entrance  to  large  bulbs,   (  G  and  D  ),  into  v;hich  the  vapor 
of  the  solution  or  solvent  can  bo  expanded.  After  expansion, the 
given  trap  is  closed,  the  water  vapor  absorbed  in  the  pentoxide 
bulb  L,  and  the  air  removed  by  means  of  the  pump.   This  process 
is  repeated  again  and  again,  until  the  LlcLeod  gauge  (  A  )  shows 
a  pressure  of  air  loss  than  0,0004  mm. 

As  shown  in  the  figure,  the  entire  apparatus  is  built  a- 
round  the  Rayleigh  manometerf  E  ),    One  side  of  the  manometer 
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comnimiicatos  v/ith  tiio  solvent  "bull),  ?  .and  tho  other  uith  tlie 
solution  TduIIds,  G  and  E.   1,2.3.4,5,6,7,8,9,10.11  aro  t^e  mer- 
cury traps  already  referred  to.  '2hej   may  "be  opened  or  closed 
by  adjusting  tho  position  of  the  mercury  reservoirs.  I'he  long 
traps  are  a  little  more  than  "barometric  height,  v/hile  tho  short 
ones  are  ahout  100  vm,   high.  By  using  mercury  traps  for  stop- 
cocks, leaks  in  the  apparatus  are  rendered  impossible.  Eio 
phosphorous  pei?03:ide  hulb  (S),  is  provided  ;7ith  a  ground  glass 
joint  and  a  mercury  seal.  (  A  )  is  the  LIcLeod  gauge,  capable 
of  shouing  a  difference  of  pressure  of  0.0004  mm.  All  connecting 
tubes  are  seven  mm.  internal  diameter.  1,1  and  J  ,J  ,J  are  pro- 
jecting tubes  used  in  cleaning  tho  apparatus.   The  bends  in  the 
tv;o  limbs  of  the  Rayleigh  manometer  are  for  the  purpose  of  giv- 
ing greater  flexibility  in  rotating  the  instrument.  It  v;ill  be 
observed  that  with  such  a  system  of  traps  and  bulbs,  it  is  pos- 
sible to  measure  tho  depression  of  ono  solution,  while  another 
is  being  expanded  for  tho  purpose  of  removing  air^   This  is  ex- 
actly illustrated  in  Figure  II,   in  which  the  mercury  traps  are 
adjusted  to  measure  the  depression  of  the  solution  in  bulb  G, 
and  also  adjusted  to         expand  the  solution  in  bulb  H  . 

The  third  necessity  in  measuring  the  vapor  pressure  of  sol- 
utions is  accurate  bath  regulation.  A  sketch  of  the  bath  is  giv 
en  in  Figure  III,  and  of  the  t her mo regulator  in  Figure  lY.  The 
solvent  bulb  ,(F)  and  the  solution  bulb  (G)  ,as  shoxm.   in  the 
cross-section,  aro  fixed  about  mid-way  in  the  bath.  The  water 
is  stirred  by  a  propciior  revolving  at  the  rate  of  about  575 
revolutions  per  minute.  The  SY/irling  motion  is  counteracted  by 
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lay  the  flanges  H  ,  H,  and  tlio  propollor  is  of  sucli  a  shape  as 
to  throv;  the  vrater  upv;ard  in  revolving,  thus  insuring  an  even 
distribution  of  the  water  over  the  heating  surface,  L,  and  over 
the  cooling  coils,  I.  ffiio  hulhs  are  so  placed  in  the  hath  that 
they  are  at  identical  distances  from  both  tho  heating  and  cool- 
ing surfaces; so  that  any  inequalities  of  hath  temperature  V7hich 
might  ezist,  v;ould  affect  all  alike.  However,   the  records  of 
temperature  regulation  v;ould  seem  to  indicate  that  such  in- 
equalities do  not  e::ist,  '^-^^   hath  is  made  of  copper,  and  is 
insulated  with  felt,(j3.) 


Specimon  Record  of  Bath  fiogulatiou. 

TiiG  following  records  of  "bath  regulation,  taken  from 
the  laboratory  note -"book,  v;ill  serve  to  illustrate  the 
great  constancy  of  regulation  during  the  time  necessary 
for  a  complete  experiment  (which  is  always  |iess  than 
one  day.)  The  readings  v/ore  taken  on  a  Beclanann  thermometer. 


lovemhor  8,  1914. 


llovomher  11.   1914. 


Ilovemher   24,   1915. 


9.00  A.M. 

10.45  " 
1.00  " 
S.OO  " 
3.00  " 
7.30  "- 
9,45  A.ll. 

10.30      " 

12.30  P.M. 
4.00      " 
5.10      " 
7.30      " 
9.15      " 

11.25  A.M. 
2.45  P.M. 
4.30      " 
4.55      " 
8.00      " 


1.6580° 

1^6575 

1.6575 

1.5575 

1.6575 

1.6575 

1.662 

1.662 

1.650 

1.652 

1.662 

1.662 

1.662 

1.6585 

1.6585 

1.6585 

1.6585 

1.5585 


FIGURE   IT. 


IUlo   tliGrmorGgulator  is  slaovm  in  Pig-ure  IV,  atove.   This  is 
a  toluone -mercury  instrument,  and  is  capalDlo  of  regulating  the 
temperature  of  the  hath  to  O.CGl°  for  days  at  a  time  without 
variatioia.  IThe  principle  of  such  a  regulator  is  v/ell-lmovm.  H 
is  a  platinum  (or  tungsten  )  point  through  which  electrical 
contact  is  made  v/ith  the  mercury  in  the  narrov;  tuhe  D,  v/hen 
the  temperature  of  the  instrument  rises  ahove  a  corte-in  point, 
(fixed  in  this  case  at  ahout  20°  by  adjusting  the  screw  R, )  M 
is  a  metal  sheath  which  is  fixed  firmly  in  position  hy  means  of 
sealing-wax,  and  which  can  he  removed  for  the  purpose  of  clean- 
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ing  the  racrcary  in  D.  A  platirmm  v/iro,  sealed  in  the  v;all  of  the 
glass  tulDG  at  ?,  completes  the  necessary  circuit  "between  th'- 
morcury  subject  to  expansion,  and  the  mercury  in  the  tuhe    E  J 
which  is  used  only  to  oahe  contact.  A_ steady  stream  of  hydrogen 
is  kept  passing  through  the  tuho  5,  in  order  to  prevent  the 
oxidation  of  the  surface  of  the  mercury  in  D.  This  has  oeen  found 
to  lengthen  the  time  during  which  the  regulator  v;ill  act  as 
desired;  hut  the  surface  of  the  mercury  in  D  will  gradually  he- 
come  less  bright  in  appearance,  and  must  be  replaced  by  fresh 
metal  (  usually  about  every  ten  days  or  two  weeks. )  The  bulb  is 
filled  with  mercury  to  the  level  C,  and  the  rest  of  the  apparatus 
including  the  coils,  with  toluene.   The  projecting  tube  B  is  used 
in  filling  the  instrument.   The  glass  tube  is  joined  to  the 
coppe"  coil  at  A.   The  glass  is  sealed  to  a  platinum  disc,  which 
is  ii.  turn  sealed  to  the  upper  copper  coil  by  means  of  brass. 

The  great  sensitiveness  of  this  thermoregulator  is  duo  to 
the  high  coefficient  of  expansion  of  toluene^   Tlae  copper  useu 
for  the  coils  has  a  somewhat  greater  coefficient  of  expansion 
than  glass,  but,  on  the  other  hand,  its  conductivity  for  heat  is 
much  greater  than  that  of  gl^ss,  so  that  it  is  preferable  to  the 
latter,  and  has  the  additioiul advantage  of  being  less  fragile. 

4,  Tlio  necessity  of  stirring  the  solution.   As  already  stated 
this  constituL  js  the  fourth  great  problem  in  connection  with  the 
static  m.ethod;'  The  device  employed  in  the  apparatus  of  Frazer  and 
Lovelace, for  the  purpose  of  overcoming  this  difficulty,  is  per- 
haps the  most  ingenious  feature  of  the  whole  apparatus,  (see  jpig.III), 
a,  a  are  glass  rods  of  5  mm.  diameter , extending  up  into  the  sqIu- 
tion  and  solvent,  and  bearing  at  their  upper  end  a  platinum  disc,3i 
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to  facilitato  stirring.  At  their  lov/or  ends  (  M,lil  ),  two  glass 
rods  are  fused  into  a  T-arrangeront ,  v/lioso  upper  ends  arc 
fized  in  the  v;ooden  pulleys  (  d.d  ).  By  connecting  these  pul- 
leys with  one  in  the  centre,  in  turn  joined  to  a  motor,  the 
rods  "beari.-^  .-o  platinuia  discs  are  automatically  turned,  aiid 
thus  both  solution  and  solvent  are  stirred  at  the  sane  rate. 
There  is  no  friction  of  the  T-joint  against  the  hottom  of  the 
cuiD,  since  the  rod,  "being  of  loss  density  than  the  mercury, 
is  held  in  place  "by  the  vacuum  a"bove,  Siiperiments  indicate 
that  the  rate  of  giirring  has  no  influence  on  the  deflection. 
In  carrying  out  a  complete  experiment  v;e  proceed  as  fol- 
lows: Sufficient  mercury  is  poured  into  each  cup,  so  that 
when  a  vacuum  is  esta"blishod  in  the  "bul'bs  and  i^  the  rest  of 
the  system,  there  v;ill  "be  enough  to  form  a  coluimi  of  baro- 
metric height,  and  a  little  more,  to  close  the  end  of  the 
tube.  V/hon  this  vacuum  is  established,  the  solvent  and  the 
solution,  partially  freed  from  air  by  a  method  to  be  describ- 
ed later,  are  introduced  into  thior  respective  bulbs.  Air  is 
next  completely  rom.ovod  from  both  solution  and  solvent  in 
the  manner  already  descibed,  after  which  the  zero  point  may 
be  redetermined.  The  traps  are  then  so  adjusted  that  the 
vapor  of  the  solvent  is  on  one  side  of  the  manometer,  and 
that  of  the  solution  on  the  other  side.  The  two  pressures 
are  balanced  against  each  other  and  the  scale  deflection 
is  read.  The  difference  between  the  value  obtained  for  the 
zero  and  that  for  the  solution  represents  the  lowering  as 
expressed  in  scale  divisions.  By  the  relation  already  deduced 
,  one  mm,  of  the  scale  equals  .000583  ram,  actual  vapor  pres- 
sure.  Hence  J  V  -jtii-o  scale  deflection,  multiplied 


l)y  .C00583,  gives  tho  lov/oring  of  the  vapor  prossuro  of  t'lie 
pure  solvent  lay  the  amount  of  dissolved  substance  present,  A 
description  of  the  preliminary  treatment  to  remove  air,  and 
a  more  detailed  discussion  of  tlie  manipulation  follov;s: 

Mae  solvent.   Inasmuch,  as  the  preliminary  treatment 
of  the  solvent  to  remove  air  is  much  like  that  used  for  the 
solution,  this  v/ill  serve  to  illustrate  hoth,  A  hulh  {  ?ig,  H-(v 
is  used  into  which  the  solvent  can  "be  readily  introduced  at 

the  ■bottom(  ^  C] ,  The  upper  tuhe  is  later  drawn  out  to  a  very 

(A) 

fine  capillary, (ah out  0,05  nm,  ),  or  so  fine  ,that  the  amount 

K 

lost  by  the  vaporization  of  the  solvent  is  nogligible.  The 
solvent  is  first  partially  freed  from  air  by  boiling,  and 
next  introduced  into  the  bulb.  The  lower  end  of  the  bulb  is 
then  sealed  with  the  blow-pipo,  and  the  bulb  containing  the 
solvent  is  heated  to  about  90°,  or  to  such  a  point  where  the 
expanded  solution  just  fills  the  small  capillary.  The  latter 
is  then  sealed,  and  the  bulb  and  solvent  cooled  gradually  to 
room-te2^perature.  A  partial  vacuum  is  thus  established,  into 
which  most  of  the  residual  air  present  in  the  liquid  will 
escape.  By  repeating  the  process  about  five  times,  the  great- 
er part  of  this  residual  air  can  be  removed, before  introducing 
the  solvent  into  the  apparatus.  This  shortens  considerably  the 
proceedure  of  removing  air  after  introduction.  Experiments 
indicate,  that  when  a  capillary  of  proper  size  is  used,  the:' 
loss  through  vaporization  of  the  solvent  is  altogether  a 
negligible  quantity,  Ii:,G,  A  bulb  containing  over  three  hundred 
grams  of  water  lost  only  tv/o  and  one-half  millegrams,  after 
heating  for  six  hours  at  a  temperature  of  90°,  Due  correction 
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of  course  -aas  mado  for  the  loss  in  wcisht  of  the  glass  "by  sol- 
ution in  the  "bath  employe d,  by  heating  a  partially  evacuated 
huit,  weighted  v,'ith  racrcury,  and  sealed  at  the  capillary. 

The  Solution.  Although  the  point  just  discussed  is  of 
no  importance  in  the  case  of  the  pui-e  solvent,  it  is  vital  in 
the  preparation  of  the  solution,  where  the  effort  to  measure 
esact  normalities,  necessitates  introducing  a  solution  of 
known  concentration.  In  so  doing,  allowance  must  he  made  for 
the  concentration  of  the  solution  subsequently  to  removing 
air,  a  process  to  be  described  immediately. 

Slie  solutions  are  so  made  up  that  0.1  -  ;j  loss  in  weight 
of  water  will  render  them  of  the  exact  normality  desired.  The 
weight  normal  system  is  used,  that  is  ,  by  a  normal  solution 
is  meant  one  in  which  a  gram  molecular  weight  of  the  substance 
is  dissolved  in  1000  grams  of  water.  Analysis  subsequent  to 
measurement  indicates  that  the  increase  in  the  concentration 

of  the  solution ,  due  to  loss  of  v/ater  is  never 

more  than  0.1  'p;   and  further,  that  for  a  normal  number  of 
exhaustions,  as  described  later,  this  increase  is  about  0.06 
to  0.08  )j,    Shat  is,  the  solutions  were  about  0.03  ;j  less  than 
the  normality  desired.  Since  the  accuracy  of  the  method,  even 
for  the  most  concentrated  solutions,  is  about  O.l^i  ,  it  fol- 
lows that  this  degree  of  divergence  £rom  the  actual  normality 
is  entirely  negligible.  It  is  interesting  to  note  that  the 
calculation  of  the  loss  of  water  by  evaportion  into  a  hnovm 
volume  of  the  system,  chechs  the  value  determined  experiment- 
ally as  above. 
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In  introducing  either  solution  or  solvent  into  the  system 
the  same  procedure  is  adopted.  This  is  as  follov/s;  A  mercury 
reservoir  is  Joined  to  the  lower  end  of  the  sealed  "bulh  con- 
taining for  eicainple  the  solution,  fflae  small  capillary  is  join- 
ed to  a  rubber  at  whose  lower  end  is  a  hooked  tube:,  of  small 
internal  bore,  which  can  be  placed  beneath  the  lower  end  of 
the  tube  leading  to  the  solution  (  see  iTigure  III,  at  the  point 
H. )  Both  ends  of  the  bulb  are  opened  by  breaking  the  glass 
tubes,  and  after  a  sm3,ll  amount  of  solution  has  been  allowed 
to  escape,  the  hooked  tube  is  placed  under  the  solution  bulb, 
and  the  solution  allowed  to  flow  up  the  tube,  by  regulating 
the  flow  from  the  mercury  reservoir.  Kie  solvent  is  introduced 
in  an  exactly  similar  manner.  The  bulbs  in  the  bath  are  filled 
about  two-thirds  full,  or  so  that  the  platinum  stirring  de- 
vice is  from  one-quarter  to  one-half  an  inch  out  of  the  solu- 
tion. 

V/hen  both  solution  and  solvent  have  been  introduced,  the 
nest  problem  is  to  remove  the  last  trace  of  dissolved  air.  Tliis 
constitutes  the  major  part  of  the  whole  operation,  and  is  oft- 
en very  time-consuming.  Heference  to  figure  ^11  ,  which  illus- 
trates the  series  of  traps,  will  make  this  operation  clear.  To 
remove  air  xrom  the  solution,  we  would  proceed  as  follows :- 

Traps  6  and  7  are  closed,  and  a  vacuum  exists  in  the  bulb 
D  .  Then  trap  4  is  closed  ,  and  trap  6  is  opened;  this  admits 
the  vapor  of  the  solution  to  the  bulb  D.  Tlie  sudden  vaporiza- 
tion of  the  solvent  carries  considerable  dissolved  air  into 
the  bulb,  and  this  is  fujrthcr  facilitated  by  stirring  the 
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solution  for  several  hours  after  expansion,  Vlien  a  sufficient 
length  of  time  has  elapsed  for  oquilibrimn  to  hocorne  estahlish- 
ed,  trap  5  is  closed  and  trap  4  is  opened.  Trap  2,  leading  to 
the  pentoside  hulh,  is  opened  to  ahsorh  the  water  vapor  in  the 
"bulh,  and  the  air  is  then  removed  hy  means  of  tho  pump,  (hy 
opening  trap  1  )If  the  amount  of  air  is  to  ho  determined,  then, 
after  the  absorption  of  the  water  vapor  as  ahovo,  the  lIcLeod 
gauge  is  opened  (  trap  at  A  ) ,  and  the  pressure  determined. 

Ohscrvations  on  the  Rayloigh  manometer  during  the  process 
of  removing  air,  show  the-t  as  long  as  any  air  remains  in  the 
solution,  even  the  smallest  trace,  a  very  long  time  is  necess- 
ary for  the  estahlislmient  of  equilibrium,  when  "balancing  the 
vapor  of  the  solution  against  thLit  of  the  air-free  solvent.  The 
pressure  in  the  solution  limh  of  the  manometer,  at  first  very 
nearly  the  true  vapor  pressure  of  the  solution,  slowly  increases 
for  24  or  46  hours,  depending  on  how  much  air  remains.  After 
equilihrium  is  attained,  the  difference  in  pressure  in  the 
two  limbs  is  read  in  the  usual  way  "by  noting  the  scale  de- 
flection. To  this  apparent  depression,  is  added  the  air  pres- 
sure in  the  system,  subsequently  determined  by  means  of  the 
LIcLood  gauge,  after  absorption  of  the  Kirater  by  the  phosphorous 
pentozide.  The  depression  thus  obtained  agrees  very  closely, 
to  about  0.001  mm.  with  the  true  depression  measured  later, 
after  complete  removal  of  air.  Tnen  the  solution  becomes  air- 
free,  equilibrium  is  always  reached  in  from  15  to  20  minutes. 

,<lion  the  apparatus  was  being  built,  the  ilcLeod  gauge 
was  included  in  the  system  for  the  purpose  of  showing  when 
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tlie  removal  of  air  was  complotc.  As  am  matter  of  fact,  how- 
ever, tliG  gauge  is  not  necessary  for  this  purpose.  Given  an 
air-free  solvent  in  one  bulb,  tlic  operator  can  follov;  very 
closely  the  progress  of  removal  of  air  from  the  solution  in 
the  other  hulh  hy  ohservations  on  the  ?-ayleigh  manometer,  and 
can  tell  ^ith  great  accuracy,  Y;ithout  the  use  of  the  licLeod 
gauge,  when  the  removal  of  air  is  complete. 

V/hilo  it  hi^s  "been  found  necessary  to  regulo.tc  very  accur- 
ately the  temperature  of  the  solution  and  solvent  in  the  hath, 
no  such  constancy  is  necessary  for  other  parts  of  the  system, 
although  the  room  temporaturo  is  kept  fairly  constant,  ahout 
24°-  25°,  several  degrees  ahovo  that  of  the  hath.  This  is 
because,  when  all  air  has  bec-n  eliminated,  equilibrium  betv;een 
solution  anc  vapor  is  very  quickly  established,  so  that  .flight 
changes  of  room  temperature,  unless  they  are  too  sudden  , 
merely  cause  evapoi-ation  or  condensation  of  slight  amounts  of 
v/ator,  without  affecting  pressure.  I'hc  only  possibility  of 
error  would  bo  the  case  where  the  temperature  of  one  limb 
varied  during  a  single  experiment ,  without  equal  variation 
of  the  other  limb,  and  whore  the  readings  wore  taken  before 
the  new  equilibrium  had  a  chance  to  b:  jome  established.  In- 
asmuch, however,  as  any  given  series  of  deflection  readings 
usually  extends  over  a  period  of  an  hour  or  more,  and  as  the 
heating  conditions  in  the  room  are  maintained  at  approximate- 
ly the  same  temperature,  ttis  possibility  of  error  is  greatly 
minimized.   'Ihis  appears  to  be  the  only  feature  about  the 
apparatus  which  could  be  improved,  especially  in  the  manner 
Of  illuminating  the  mercury  surfacos^in  such  a  way  as  to 
prevent  heat  radiation  from  the  source  of  the  light. 
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EZPIiRBiEilTAL. 

In  the  following  tattles,  the  results  uith  five  orperinents 
with  aqueous  solutions  of  mannite  are  given.  As  already  stated, 
the  solutions  are  made  up  on  a  weight  normal  has  is,  due  allov7- 
ance  hoing  mado  for  the  Imown  amount  of  solvent  that  is  to  he 
lost  during  suhsoquont  removal  of  dissolved  air. 

Experiment  1.  0.1-molar  Kaimito. 

She  solution  \7as  introduced  Jan.  27,  1915,  By  Poh.  12, 
the  air  was  completely  removed.  Pinal  readings  were  taken 
as  follows: 


Peh/  12.  iioro. 


2.47  P.I.I. 
2.55      " 
2.57      " 

8.65 
8.65 
8.70 

Mean 
Reading 
4.10  P.H. 
4.17      " 
4.20        " 

Mean 

8.68 

14.00 
15.90 
15. 9.0  _ 
15.95 

Deflection  5.25 


Feh.  14/  Zero. 


$.05  P.M.  8.15 
9,07  "  8.25 
9^10   "        8.15 


Mean    8,18 
Reading 

9.40  P.M.  13.^5 

9.A5  "  13^0 

9 '.50  "  13.45 


Mean   13.42 

Deflection  5.2'" 


-zo- 

J'ct),  15,  Zero, 


lE.EO  P.IvI. 

7.90 

12.25   " 

8.00 

12.35   " 

Mean 

7.90 

7.93 

.Ceding. 

1.40  P.H. 

13.00 

1.45   " 

13.05 

1.50   B 

IE. 95 

Mean 

13.00 

Deflection 

5.07 

ffet).  16, Zero. 


12.13  P.M. 
12.19   " 


Heading. 


5'e'b.i7  .  Zero. 


1.25 
1.20 


Reading. 


Mean 


12.45  P. LI.  11.70 

12.50   "  12.00 

12.53   "  11.85 

1.00   "  12.00 

Mean  11.89 


Deflection        4,87 


1.20  P.M.  "J-lo 

7.20_ 

Mean      7.27 


12.45  P.M.  3_2  00 

12.52   -'  12.00 

Deflection        4.60 
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]?eb.   19.   Zero, 


11.57  A.M. 

7.85 

12.03  P.M. 

7.80 

12.10   " 

Mean 

7.85 
7.83 

eading. 

3.18  P.M. 

12.05 

3.27   " 

12.05 

3.31   " 

Mean 

12.10 
12.07 

Defle 

!Ct 

ion 

4.24 

ffeti.    23,    Zero. 


12.03  P.M. 
12.07   " 
12.11   S 

Heading. 

Mean 

6.80 

5.75 
6,7Q 
6.75 

4.25P.M. 
4.35   " 
4.40   " 

Mean 

11.15 
11.25 
11.10 
11.20 

Pel).  24.  Zero. 

Deflection 

4.45  - 

12.01  P.M. 
12.05   " 
12.10   " 

Mean 

6.35 
6.30 
6.30 
6.  32 

Reading. 

11.23  A.M. 
11.25   " 
11.30   " 

Mean 

11.95 
12.00 
12.00 
11.98 

Deflection 

4.90 

Zero. 


12.29  P.M. 
12,32  P.M. 
12.-42   " 
12.50   S 


Mean 


7il0 

5.20 
7.00 
,7.00 
7.08 
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O.l-molar     Llaroiite    (continuod   ) 


pG"b.    24,  (continued 

) 

Zoro. 

4.20 
4.26 
4.55 

P.M. 
II 

n 

Llean 

7.10 
7.15 
7.20 
7.18 

Reading. 

3.07 
3.13 
3.54 

P.Ll. 
II 

II 

Mean 

11.95 
12.00 
12.00 
11.98 

Deflec 

ition 

4.80 

PelD.    25.   Zero. 

12.42 
12.54 
12.56 
12.58 

P.il. 
11 

II 
II 

6.00 
6.15 

6.00 
6.15 

uesjo. 


6.06 


Reading 


2ero. 


11.50  A.M. 
12.07  PVLI. 
12.12      " 

Mean 

11.15 
11.20 
11.20 
11.18 

Deflection 

5.12 

>. 

2.45  P.ll. 
2.48      " 
2.58      " 

0?    CA        " 

6.65 
6.90 
6.70 

6.75 

Mean       6.75 


Reading 


3.56  P.M. 
4.05      " 
4.10      " 


Sean 


Deflection 


11*40 
11V30 

11.40 

11.38 
5.36 
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Fel).    25   (continuod)        Zero. 

3.09  P.M. 
3.13      " 


Mean 


6.05 
6.00 
6.02 


Reading, 

4.16  P.M. 
4.18      " 
4.24      " 


Zero. 

9.33  P.M. 
9.45      " 
9.54      ." 


Reading. 

8.09  P.M. 
8.17      " 
8.26      " 


Pet.    26,   Zero. 

4,45  |.M. 
4.50     " 
5.08      " 


Reading. 

3.50  P.M. 
4.00      " 
4.06      " 


Mean 

10.75 
10.70 
10,50 

10.65 

Deflection 

4.63 

Mean 

7.05 
6.95 
7,00 

7.00 

Mean 

12.00 
12.00 
12,10 
12.03 

Mean 

6.10 

6.05 

6,00. 

6.05 

Mean 

11.00 
11,00 
11,00 
11,00 

Deflection 

4,95 

Pet. 

27,  Zero. 

11.55  P.M. 

12.02  AVM. 

12.10   " 

Reading. 

2.15  P.M. 

2.20   " 

2.25   " 

2.30   " 

Mean 


Mean 


6,60 

6.60 
6.60 
6,60 

11. 5D 
11.50 
11.50 
611.60 
11.55 


Deflection  4,95 

Mean  of  all  readings.   4,90   .   Depression, ^0.0286  ma. 


T 


?Q.    O  O 
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Experiment  2.   0,2  molar  Mannite, 
The  solution  was    introduced  Dec.    15,    1915,   and  found  to  be 
air-free,  TaTx,  l,  1915. 
Final  readings  were  taken  as   follows: 
Jan.   1,   1915.  Zero  Reading  Deflection 

8,80 

8.70  17.75 

8,60  17.80 

8,65  17.75 

8.70  


Mean       8.69  Mean     17.77                             9.08 

8.00 
8.20 

8.00  17.00 

8.00  17.20 

8.10  17.10 

Mean   5.10  Mean  17.10           9.00 

Jan.  23rd,       8.95  18.05 

9,00  18.00 

9.00  18.10 

Mean   8.98 


ean  18.05  ^'^'^ 


Mean   8.13 


8.15  17.75 

8.10  17.75 

e.l5  17.75 

Mean  17.75  9.62 


^li 
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0.2  molar  Mannite  (continued) 


-i. 


Jan, 

25th, 

Zero 
9.10 
9.00 
9.15 

Reading 
18.75 
18.80 
18,80 

Deflection 

Mean 

9.08 

Mean 

18.78 

9.70 

Jan. 

26th, 

9.00 
9.00 
9.0C 

18.90 
19,00 
19.00 

Mean 

9.00 

9.]0 
9.20 
9.20 

Mean 

18.96 

19.30 
19.15 

9.96 

Mean 

9.17 

Mean 

19.32 

10.05 

Jan. 

27  th, 

8.95 
9.00 
9.10 

19.20 
19.10 
19.10 

Mean 

9.02 

Mesm 

19.13 

10.03 

Jan. 

29th, 

8.15 
8.05 
8.00 

18.00 
18.05 
18,25 
18.05 

Mean 

8.07 

Mean 

18,09 

10.03 

Feb. 

let, 

8.70 
8.75 
8.80 

19.05 
18.95 

18.80 

Mean 

8.75 

Mean 

18.93 

10.18 
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2.3  niQiar  Mannite  (continued) 


Feb.  Ist, 

Zero 
9.10 
9.20 
9.35 
9.25 

Reading 

19.40 
19.30 
19.25 

Deflection 

Mean 

9.22 

Mean 

19.28 

10.06 

Feb.  3rd. 

8.85 
8.85 
8.80 
8.90 

19.15 
19.00 
19.15 

Mean 

8.85 

7.80 
7.90 
7.80 

Mean 

19.10 

18.00 
18.05 
18.15 

10.25 

Mean     7.87       Mean       18.07  10.20 


Feb. 

6th. 

9.05 
9.10 
9.15 
9.05 

19.20 
19.35 
19.20 
19.20 

Mean 

9.08 

8.20 
7.35 
7.85 

8.00 

Mean 

19.25 

18.30 
18.10 
18.20 
18.25 

;o.i7 


Mean       8.00       Mean       18,21  10.31 
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0,3  molar  Mannite  (oontinued) 


Feb. 

9th 

Zero 
8.65 

8.60 
8.70 

Reading 
18.80 
18.85 
18.85 

Deflection 

Mean 

8.65 

Mean 

18.84 

10.19 

Feb. 

11th, 

7.90 
7.90 
8.00 

17.65 
17/70 
17.70 

Mean 

7.93 

Mean 

17.68 

17.90 
18. CO 
17.85 

9.75 

Mean 

17.93 

10.19 

8.70 

18.70 

.8.70 

18.70 

Mean 

8.70 

Mean 

18.70 

10.00 

Feb. 

13th, 

8.65 
8,65 
8,70 

19.15 
19.10 
19.15 

Mean 

8.67 

Mean 

19.13 

10.46 

Feb. 

15th, 

7.00 
7.10 
7.10 

17.60 
17.60 
17.50 

Mean  7.07 

Mean 

17.58 

10.51 

-sa- 
cs molar  Mannite   (continued) 


Feb. 

15th, 

Zero 
8.15 
8.25 
8.15 

Reading 
18.30 
18.10 
18.15 

Deflection 

Mean 

8.18 

Mean 

18.18 

10.00 

Feb. 

16th, 

7.00 
7.05 
7.00 
7.00 

16.35 
16.20 
16.25 
16.30 

Mean 

7.02 

7.35 
8.00 
8.00 

Mean 

16.38 

17.90 
17.90 
17.80 
18.00 
18.00 
17.80 

9.26 

Mean 

7.98 

Mean 

17.90 

9.92 

Feb. 

17th. 

7.30 
7.30 
7.30 

17.10 
17.30 
17.15 
17.05 

Mean 

7.'23 

Mean 

17.15 

9.87 

Feb. 

19th. 

7.25 
7.10 
7.30 
7.30 

17.  2B 

17.35 

Mean 

7.24 

Mean 

17.  2B 

10.01 
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0,3   nolar  Mannite   (continued) 


Feb. 

;9th. 

Zero 

7.85 
7,80 
7.85 

Reading 
17,75 
17,85 
17.75 

Deflectic* 

Mean 

7.33 

Mean 

17.78 

9.95 

Feb. 

20  th. 

6.70 
6*75 
6.65 

16.30 
16.70 
16,30 
16,35 

Mean 

6.70 

Mean 

16.43 

9,68 

Feb. 

33rd, 

6.80 
6.85 
6.70 

16.70 
16.55 
16.65 
16.55 

Mean 

.  6,78 

Mean 

16.61 

9,83 

Mean  of  all   observations     Defleotion  10,04 
Depression  10,04  x  0.00583   =   .0585  mm.      T  =  2C.00+ 
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Experiment   3,    0,3  molar  Mannite. 
Solution  was    introduced  Dec.   30,    1914,   and  exhausted  twenty 
one   times.      Final  readings  ward   taken  as   follows :- 
Jan.   12tli.  Zero  Reading  Deflection 

10.00  35.40 

10.00  35.30 

Mean     10,00       Mean     35.35  15.35 

Jan.   13tli,  10.90  26.10 

11.10  36.50 

11.00  36.80 

Mean     11.00  Mean     36.50  15.50 

Jan.   14tli.  34.95 

9.80  34.90 
9.75  35.10 

9.70         35.10 

Mean  9.75  Mean  35.00  15.35 

9.30  34.50 
9.35  34.40 
9.30  34.30 

Mean  9.35  Mean  24.35  15.10 


Jan.  16th. 

9.75 
9.85 


35,10 
35.05 
25.10 
35.10 


i^    Mean  35.09  ^^'^^ 


Mean  9.80 
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0.3  molar  Mannite   (continued) 


Jan^ 

17  th, 

Zero 

9,00 
8,95 
9.05 

Reading 
24,70 
24,55 
24.65 
24.70 

Deflection 

Mean 

9,00 

Mean 

34.65 

15.65 

Jan, 

18th. 

8,70 
8.60 
8,80 

24.20 
24.25 
24.20 

Mean 

8,70 

Mean 

24.22 

15.53 

Jan. 

30  th. 

8,40 
8.00 
3.20 
8.30 

24.05 
23.75 
23.70 
23.95 

Mean 

8.18 

9.10 
9,10 
9,05 

Mean 

23.80 

24/30 
24.20 
24.25 

15.63 

Mean 

9.08 

Mean 

24.25 

15.17 

8.90 

8.85 

9.00 

Mean  8.92 


24.10 
34.05 
23.90 
24.05 


Mean   "^4.03 


15.10 


0,3  molar  Mannite  (continued) 


Jan. 

30th. 

Zero 
8.05 
8.30 

8.10 

Reading 
23.65 
33.70 
33.65 

Deflect  ion 

Mean 

8.13 

Mean 

33.63 

15.57 

Jan. 

3l9t. 

8.80 
8.70 
3.60 

8.65 
8.70 

33.85 
33.75 
33.85 

Mean 

8.70 

8.00 
8.30 
8.00 
8.20 
8,10 

Mean 

33,33 

33.75 
33.60 
33.55 
33.80 

15.13 

Mean 

8.10 

Mean 

33.63 

15.53 

Jan. 

23nd, 

8.75 
8.70 
8.95 
8.75 

8.80 

34,35 
34.30 
34.30 
34.35 

Mean 

L  8.80 

Mean 

:  34.35 

15.15 
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0.3  molar  Mannite  (continued) 
Jan.  22nd.      Zero        Reading 

33.75 

23.70 

23.70 

Mean  23.73 


Deflection 


15.62 


Jan, 

23rd. 

Mean 

Mean 

8.15 
8. 10 
8.15 
8.13 

8.30 
8.15 
8.30 
8,18 

8.30 
8.20 
8.85 

33.30 
23.95 
23.95 
23.90 

Mean 

8.23 

Mean 

23.90 

Jan. 

35th. 

9.10 
9.00 
9.15 

24.90 
25.00 
25.00 

Mean 

9.03 

Mean 

34.97 

15.72 


15.89 
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0.3  molar  Mannite  (continued) 


Jan. 

36fh, 

Zero 

9.  CO 
9.00 
9,00 

Reading 

34.90 

35.00 

35.00 

Deflection 

Mean 

9.00 

9.10 
9.30 
9.30 

Mean 

34.97 

35.00 
25.05 
35.10 

15.97 

Mean 

9.17 

Mean 

25.05 

15.33 

Jan» 

37tli. 

8.95 

9,00 
9.10 

34.90 
34.90 
35.00 

Mean 

9.03 

Mean 

34.93 

15.91 

Mean  of  all  observations  Deflection  15.50 
Depression  15.50  x  0.00583  =  .0904  mm.   T  =  20900+ 
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Experiment  4,  0.4  M.  Mannite. 
The  solution  was  introduced  Nov.  15,1914.  and  exhausted 


Final  readings 

were  t 

aken 

as 

follow:- 

Dec.  2nd,  1914, 

Zero 
6.00 
5.90 
5. 90 
6.00 

Readings 

35.70 
35.60 
35.50 

Mean 

5.95 

M 

:ean  35.63 

35.80 

5.90 

35.50 

6.00 

35.70 

6.00 

35.70 

Mean 

5.97 

Me 

an 

25.63 

Dec.  3rd. 

5.00 
4.90 
5.00 
5.00 

35.00 
35.90 
35.00 
35.00 

Mean 

4. 93 

Me 

an 

34.93 

Deo.  4th. 

6.30 
8.35. 

6.30 

36.30 
36.35 
36.10 
36.30 

Mean 

6.33 

Mean 

36.35 

Deflection. 


19.63 


19.71 


20.00 


20.03 
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0.4  M.  Mann  it e  ( 

continued) 

Dec.  Sth. 

Zero 
6.40 
6.30 
6.50 

Reading 
36.20 
36.00 
36.10 

Deflection 

Mean 

6.40 

6.60 
6.70 

Mean 

26.10 

27.00 
36.90 

19,70 

Mean 

.  6.65 

Mean 

S6.95 

30.30 

Dec.  7th. 

6.60 
6.80 
6.60 

37,20 
37.  CO 
27.20 
37.30 
37.30 

Mean 

6,60 

7.00 
7.05 
7.00 

Mean 

37.20 

27.10 
37.30 
37.20 
37.30 

30.60 

Mean 

7,03 

Mean 

37.33 

30.20 

Deo.  8th, 

8.00 
8,00 
8.10 

38.30 
38,35 
38.30 

Mean 

8.03 

7.90 
7,90 

Mean 

28,37 

38.10 
38.30 

30,34 

Mean 

8.00 
7.93 

Mean 

38.15 

88.15 

20.23 
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0,4  M.  Mannite   (continued) 


Dec.  9th.    ! 

3ero 

Reading 

Deflection 

8.00 

38,50 

. 

8.05 

38.60 

8.00 

38.70 

8.00 

38.50 

Mean 

8.01 

7.30 
8.10 
7.80 
8.00 
7.80 

Mean 

38.53 

38.30 
38.10 
38,30 
38.10 

30,57 

Mean 

7.90 

Mean38.30 

20,30 

Deo. 10th. 

7.90 
7.90 
7.90 

38.40 
38.30 
38,35 

Mean 

7.90 

7.60 
7.60 
7.60 

Mean 

38,38 

38.10 
38.00 
37,80 

30,33 

Mean 

7.60 

7.70 
7.60 
7.80 

Mean 

37.97 

37.95 
38,00 

38^00 

30.37 

Mean 

7.70 

Mean 

.  37.93 

30,28 
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0.4  M.  Mannite   (continued) 


Deo. 

10th. 

Zero 
8,10 
8.00 
8.10 

Reading 
28.50 
28.35 
28.50 

Deflection 

^ 

Mean 

8.07 

Mean 

28,45 

20.38 

Deo. 

nth. 

8.10 
8.10 
8,30 

28,70 
28,70 
28.80 

Mean 

8.13 

Mean 

28.73 

20,60 

Dec. 

14th, 

8.80 
8.80 
8,70 

28.80 
39,00 

39,00 

Mean 

8.77 

8,20 
3,10 
9.30 

Mean 

38,93 

28.30 
38,40 

20,16 

Mean 

8.17 

Mean 

28.35 

20.18 

Dec. 

16th, 

8.80 
8,80 
8.80 
8,80 
8.90 

29.30 
29.40 
29.40 

Mean 

8.30 

Mean 

39.37 

20,57 

Mean  of  observations     Deflection  20.33 

o 

Depression  20.32  x  0.00583  =  .1184  mm.  T  =  ZO.oo-f 
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Experiment  5,   0.5  molar  Mannlte. 
Thdr.  solution  was  introduced  Oct.  22.  1914,  and  exhausted 

Final  readings  were  taken  as  follows :- 

Nov.  9th,     Zero      Readings         Deflection 

220,10 

220.30 

220.00 

219.70 
Mean  194.05  Mean  220.03         25.97 

Nov.  10th.  194.00  319.80 
194.20  219.80 
194.20  319.90 
194.30  319.90 
194.10        319.90 

Mean  194.16  Mean  319.86         35.70 

Nov.  11th.  330,70 

220.90 

220,90 

194.30        220.90 

194.70        221.00 

194.70        221i00 

Mean   194.73  Mean  330,90         36.17 

Nov.  15th.  221.90 

221.70 
195,00  221,60 
195.10        331, eo 

195.10        321.60 

195.30        .^1^0 
Mean  195.10  >'-in  231,63         '^°''''' 
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0.5  molar  Mann it e  (continued) 


Nov/ 

16  th. 

Zero 
195.80 
195.80 
196.00 

Reading 
221.90 
231.90 
321.90 

Deflection 

Mean 

195.86 

Mean 

221.90 

36.04 

Nov. 

17tll. 

194.30 
194.40 
194.30 

220.80 
320.90 
220.90 

Mean 

194.33 

194.70 
194.70 
194.60 

Mean 

220.86 

221.00 
231.00 
231.00 

36.53 

Mean 

194.66 

194.60 
194.50 
194.80 
194.60 

Mean 

331.00 

221.00 
221.00 
221.00 

36.34 

Mestn 

194.62 

Mean 

S21.00 

36.33 

Nov. 

19th. 

196.10 
196.30 
196.30 

222.70 
222.80 
222.70 
233.60 

Mean 

196.30 

Mean 

833.70 

36.50 
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0,5  molar  Mannite  (continued) 

Nov.  2l8t.      Zero         Reading     Deflectioa 

223.30 
323.10 
223.10 
333.20 
333.30 
Mean  333.18        36,34 

332.50 

196.10  333.70 

196.00  333.70 

196.10  333.70 

Mean  196.05    Mean  332.65        36.60 

Nov.  33nd.   Change  in  zero  due  to  substitution  of  paper 

scale  for  brass  scale. 

Nov,  33rd.      Zero         Reading      Deflection 

3,75 

3.70 

3.80 
Mean  3.75 

4.00  30.10 
3.80  30.10 
3.90  30.10 

Mean  3.90  Mean  30,10  36.37 

4.30 
4.30 
4.10 
4.30 
Mean  4.17 
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0.5  molar  Mannite   (oontinued) 

Nov,    33rd.  Zero  Reading  Deflection 

30.40 
4.50  30.30 

4.30  30.30 

4.30  30.40 


Nov. 


Mean 

4.33 

Mean 

30,35 

4.30 

30.60 

4.30 

30.50 

4.30 

30.40 

4.30 

30.60 

Mean 

4.35 

Mean 

30.52 

4.30 

30,65 

4.30 

30.60 

4.30 

30.65 

4.30 

30.60 

Mean 

4.38 

Mean 

30,63 

3.80 

30.30 

3.90 

30.30 

4.00 

30,10 

4.00 

26.15 


26.37 


36.32 


Mean  3.93       Mean     30.17  36.34 
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0,5  molar  Mannite   (continued) 

Nov.    24th.          Zero  Reading             Deflection 

4.30  30.60 

4.30  30,50 

4.30  30.75 

4.30  30.60 

Mean        4.30  Mean   30.61                       26.31 

5.50  31.70 

5.50  31.70 

5.50  2kiM 

Mean       5,50  Mean     31.73  26.33 

Mean     of  all   observations     Deflection  26.28 
Depression  26.28  x  0.00583  =  .1532  mm.      T  =  zo.oo-h 
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TalDUlation  of  Sesults, 

ITormality.  Deflection         Depression 

O.l-Holar  Llannite  _  4,90  ,029     -am, 

e.S        "  "  10.04  .059      " 

0.3        "  "  '  15.50  .090      " 

^'^        "  ."  -  20. 3E  .116      " 

0.5        "  "  '  26.28  ,15S,     " 

During  tlie  year  1915-1914,  reaults  were  obtained  "by 

Frazer  and  Lovelace,   v/orking   in  collaboration  vjfth  Ijt.   E. 
Killer,   as  follows:  Depression 

O.S-molar  Llannite  '•  ,091     nm. 

C.4        ■•  "  .122      „ 

0.5        "  "  ,156      " 

Che  tlieorotical  lowerings,   calculated  from  the  formula 
of  Raoult,   are  as    follows.  His   equation  is, 

■p   -pt  -  ^  „  n  x=  17.539  ijm.  ^(o±j.o°) 

^  ^  -  ^  ^  ",/Tiore, 

ii  _  n  Vapor  pressure  of 

solution 

jj=  gram  molecules  of 

solvent 
^  a  g*ram  molecules  of 
solute. 

Depression 
0,1-molar  Llannite  0.031  mm, 

0.2-   "  "  0.063  " 

0.3  "  "  0.0^4  " 

0.4   "  "  0.1245  " 

0.5   "  0.1554  " 

Scheel  2:  House,  Ann.  der  ?liys.4,  31,  715  (1910) 
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It  is  to  bo  notod,  that,  sinco  the  absolute  orror  is 

Gonstant,  the  porcentago  error  is  necessarily  less  in  the 

case  of  the  higher  concentrations. 

If  we  calculate  the  osmotic  pressure  from  the  experimental 

1 
values  giyen  in  the  first  tahle,  usin;^-  the  equation  of  :^ornst 
p  -  p'      0.08E1  T«  1000  3 
P  -   X    ^ atmospheres 

P'  Mo 

where  P  is  the  osmotic  pressure,  p  the  vapor  pressure  of  water 
at  the  absolute  temperature  T,  S  the  density  of  the  solution, 
and  Uq   the  molecular  v/eight  of  the  solvent  and  p'  the  vapor 

pressure  of  the  solution,  we  obtain  the  following  values: 

0.0-m.   Lle.nnite 

Calculated  osmotic  pressure(in  atmospheres) 12,20 

0,2-m,   llannite 
"  "  "  "  "  4.60 

2 
Using  the  more  exact  equation  of  Herns t, 

0.0821  T   1000  3            p 
p  ~  In atmospheres 

Mo  P' 

where  the   symbols  hj?.vc  the  sane   significance  as  above,  we   get. 

Calculated  osmotic  pressure,   0,5-molar  Llannite    12.14 

n  IT  If  0,2        "  "  4,58 

The  exoerimentally  determined  values,  taken  from  the  work 
3 
of  Horse  and  Prazer  ,  are  as  follows: 

0,5-molar  Mannite  11,96 

0,2    •'    "  4- '='8 

The  results  given  in  the  first  table  are  plotted  in  the 

following  curve. 


Theoretical  Chemistry,   tr.by  Tizard,   Page  134, 

■^    n  "  "       "  135, 

3J 

The  Osmotic  Pressmro  of  aqueous  solutions  (Carnegie  Institution. 
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Vatotv       "pkesSu-re:       loWe-ring-      CMolecul/cr') 
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Stunmary 
In  the  brief  historical  survey,  the  evolution  of  "both 
static  and  dynamic  methods  was  traced.  It  was  shov/H  that  the 
static  method,  owing  to  supposedly  unavoidable  constant 
sources  of  error,  was  superceded  by  the  dynamic  method;  but 
that  the  latter,  although  an  improvement  over  the  old  form  of 
the  static  method, still  leaves  much  to  be  desired.  The  great 
laws  governing  the  vapor  pressure  of  solutions  were  discover- 
ed ,  hov/ever,  by  means  of  the  static  method,  (e.g.  the  laws 
of  von  Babo,  Uullner,  and  Raoult);  while  the  results  of  more 
recent  investigations  v;ith  the  dynsiinic  method,  have  been 
used  to  measure  dissociation,  and  to  furnish  evidence  con- 
cerning hydration  in  solution. 

The  improved  form  of  the  static  method  as  evolved  by 
Frazer  and  Lovelace  vras  then  desaibed,  and  the  great  increase 
in  accuracy  over  all  former  methods  shown  to  be  due  to  the 
elimination  of  the  four  great  sources  of  error  supposedly 
inherent  in  the  static  method.  As  the  resiilt  of  investigations 
with  this  apparatus,  we  may  draw  the  following  conclusions 
concerning  the  accuracy  of  the  misthod  and  the  sources  of  er* 
ror. 

l.The  limit  of  accuracy  of  the  method  is  0.00058  mm. 

2. Air  in  amounts  greater  then  ©.0004  mm.  was  proved  to 
be  absent  before  taking  final  readings.  This  was  done  by 
means  of  the  IIcLeod  gauge.  It  was  further  found  that  the 
last  trace.j  of  air  was  much  more  easily  removed  from 
concentrated  than  from  dilute  solutions. 

3.  Surface  concentration  was  avoided  by  automatic  stirring. 

4.  The  temperature  was  regulated  to  0.001°.  Variations  of 
more  than  0.002©^  were  shown  to  affect  the  readings. 
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It  is  ■believed  that  the  values  given  for  the  vapor 
pressure  lov/erings  of  aqueous  solutions  of  raannite  in  the 
first  table,  are  correct  to  within  0.001  vM,   'Thile  the 
results  obtained  last  year  with  a  different  form  of  the 
same  apparatus  are  higher  than  the  results  given,  it  is  to 
he  pointed  out  that  the  method  of  stirring  has  been  much 
improved  since  the  first  results  7/ere  obtained,  and  that 
the  bath  regulation  is  much  better.  The  fact  that  the 
values  are  uniformly  Icv/er  than  the  theoretical  lowerings 
deduced  from  the  equation  of  Ilaoult  is  no  proof  of  their 
incorrectness,  as  the  formula  of  Raoult  is  known  to  hold 
only  for  very  dilute  solutions  of  non-electrolytes,  and  was 
evolved  primarily  not  for  aqueous  solutions,  biit  for~  organ- 
ic solvents.  The  comparatively  close  agreement,  (  within 
2  ^  )  of  the  calculated  osmotic  pressures  (based  on  the 
vapor  pressure  values  )  with  the  carefully  determined 
experimental  values  of  LTorse  and  Frazer,  is  believed  to  be 
further  proof  of  the  accuracy  of  the  results.  This  conclus- 
ion is  brought  out  by  the  curve  showing  the  molecular 
lowering,  vrhich  is  practically  a  straight  line. 
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